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ABSTRACT py THH PTafif.r.«M »» 
A biolouical «.thod „f d.inking print.d wfp.p er 
counting of th. «t.p B of di.inf gr«ti„ 0 of peintm<i „ a9tepaper 
in hot water contain c.llui... ar ^ „ ld rwinovltlB ink 
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Tha present invention relates to a met: had <i f deiaking 
printed wast«paptr . 

HACKGRQraD QW THf IWVKMTIOsT 

(1* Inking of pulp flbrs Ifi essentially a laundering or 
cleaning process In which ink is considered to be the dirt. 



Chamic&lfs along with heat and m*<:hsLnical onargy, are 
used to dislodge the ink pertlele* from fibara and to 
lO aispvree *h*m id tha ^u.nu. M d.i»tH. Tha ink p*tticulnr* 

than s«p«rat»a frcwi fche pulp fiber*, wither by washing or 
flotation or by using m modern hybrid prnnwrn that combines 
the two elements . 

lfi T he> chemicals used for tha cnnvmtiona] -de ink* rig 

procaaa are surf act ants: which function as detergents to 
remove ink from fiber, kaep tha Ink particles dispersed to 
prevent rediapoei t ion on tha fiber. , and provide a flawing 
action for tha froth flotation of Ink particles. 

A typical surfactant is « long chain aolacul* with a 
hydrophobic part to tha one and and a hyrfraphUJc part to tha 
nthwr and. Tha hydrophobic part may ba consist of fatty 
»*id r fatty »3cohol. ttlkylphenole or other oil soluble 
25 surfactants. 



Tha hydrophilic part or tha dairying surfactant imuelly 
consists of anion iMolaeul.a stioh «. carfecMeyl acid waits or 
*%alforkir! »c-Jd salts and nonionio molecules such as 
30 polyoxyethylenated chains, 

Tha typical surf actanta commonly u*»d in the washing 
and froth flot*tinn deinking proctsw *re; sodium and 
potassium salts of strait chain fatty acid (soap), linear 
3« alkylbenssenaauifontata (LAS), olafina sulfonate, long *hw>*, 
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fatty alcohol, polyoxythyl.n.nated AlkyiF , K ^ ola / 
alkylphenoiethoxyUta., polyoxyethyJenatad «trait chain 

•Icahols, 

5 The Major di.advantage of u.ing th.M aurfactanta in 

the d.inking P ro«„ i. excoa . foaming ift the aubaequent pulp 
stock flow *nd paper making proc .„ lln ... In « <ldltio „ f ^ 
Qf the above aurfactant. „. r..i.t.„fc to bio^d-tion i„ 
the e f flu.„t treatment .tag™ c.uaing . wiou> . wvlp0r(mental 

io problem. 

tn the froth flotation d.inking pre...,, a collator 
-dded to a 8 gla ter ,t. ink into l„ g , particle, fcBd -tt „ h th . m 
to th. ai, hubblaa. C-lWtor, ... r.q«i f .d for affectiv. 
IB flotation and ara u.».Uy anisic long-chain fatty a cid «o«p. 
Fatty acid rollaoto*. palpitated »lTh c.l c i u „ iD „. to 

forn larger. inaolubJ. ink particle. .„ d collator particles. 
With injection of ,ir io th . « ot .t ion c . llB> tn- 
agglomerated ink particle. *dh.r. to the bubble*, ri.e to th. 
20 surface and are skinmad off fr 0 « th. ay„*: BM . 

Major disadvantage, of th. flotation method u S *« 0 the 
fatty acid collator i. . pitch d.poaiti n „ and calclum 
Scaling problem, in th. .ub..o«.nt -tock H„ M „ nt3 p-p „ 
» making eouipa.nt. l.-ida. th. .urf. c t.„ t ., oth.r che„i^ i5 
-re .au.rlc ao da, a.diu. .Utc.te, a.t.l lo „ chelating lgntl 
and hydrogen peroxide. 



30 



The hydro B . n peroxid. bl.. C hing ag.nt haa to b. added 
in order to prevent • p u l p coW ymllo „ ing catf „ d . fly ^ 
-ddition. of c-uatic acd. and to imp,™, brightnea- „ f pu i p 



With th. advanc. in t h. modern printing „n d 
35 ph_Qt Qc0 p yino technology, coav.ntion., linking with the aid 
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of surfactants encounter* serious problems with the 
waatepaper printed with thm use of heavily coated r highly 
polymerized, or nonimpact inks, such 4* ultraviolet, heate^t, 
Xerox r laser end ink jet- These inks usually contain cured 
polymer reeine which bind ink particles eo utrongly or* tha 
fiber surface that It im Impneaible to dislodge the ink 
completely during the waetepaper dUf xhmv Ising (pulping) *fc«ge 
with the conventional deinking chwiical*. Sxceea haat and 
mechanical energy are aim required along with the 
ineffective conventional chemicals. 

In the conventional flotation de inking process for 
newsprint waetepeper a major technical problem la experienced 
with fin*, ink particles embedded in thm fib** hundlee ^nd 
between fibril* which are almost impoeaihl* to resnov* f *o» 
the fibers by a weening and/or f lota t Jan p^cwm, 

Thie Invention providea a new and mttaU impravMri *>»»thnd 
of delnking printed wamtapapmr. This aethod i« ■■irfactive in 
newsprint d* inking, as well aa the delnking of wood free 
printed weetapaper euch ae whiteledgar, lamer printed, 
xerographic copypaper and computer printout wast»paper. 

Thi* itiv*utwd 4 winking method is to vmmovw ink 
particlee with the use of biological activity of enzyme on 
the cmlluloee fiber surface and m diwaereing function of 
enzyme protein on ink particles. 

In contrast to the conventional method no alkaJt and 
drinking surlactante are required although eome surfactants 
can be used along with the enzyme to enhance thm riainking 
efficiency. in th« froth flotation procesa the fatty acid 
collector* are not required. Since caustic wad a in not utied 
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in the newsprint deinking, hydrogen peroxide bleaching Atfent 
is not also required far yellowing prevention. 

The elimination of the fatty acid collector in this 
biological dainieino; process will solve the persistant pitch 
and scale deposition problem aawociated with the convention*! 
flotation proceee "wins the fatty ecid type soap and calcium 
salts and silicates; 



10 

DETAILED DESOEIFTIOlf OF Ttt VKMWWRMXO IttBOOTHlllT 
The method will now be described. 

Printed (tiaatapepev, iuch mm old newsprint or printed 

13 wood free want«paptr r is disintegrated in a conventional 
pulper (consistency 4-71;) or in a high consistency puleer, 
13-15*, at the water temperature ranging from room 
temperature up to 60 C. The addition level of enzyme i« 
0*006% to 5.0* based on dry weight of waetepeper, pH of the 

20 stock slurry is adjusted in the range of 3.0 to a.O. As 
compared to the tronventionsl pulping process using; caustic 
and surfactants $n pulping, the process using enzymes con be 
completed in a relatively ehort period and *nk particles are 
completely separated from the fiber itur-face and diaper wed 

25 well. The disperned inke arm removed uut of pulp fitters by 
conventional washing process equipment such as a vibration 
screen and a drum washer without the aid of detergent 
aurfwctants* The ink particles dispersed with the action of 
ensyms protein can be also selectively removed out of the 

SO diluted pulp slurry with conventional flotation *<|uipments in 
which air is injected into tha pulp to provide bubbles to 
pick: up the particles. No fatty acid collector is required 
in +h« eaee of waste newsprint- A small amount of fatty acid 
collector may be added to enhance the ink removal efficiency 

35 in the case of la*er~printed wamtepaper * 
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Thi« bidlogie.1 deinking pr DC . 8H ifiS fco lowBt pu 
energy to a la rg . ^tent sine, th. addition of „« yflMS reaultfi 
in a reduction in p U i pirig tlaMl . „ Coinpiir „ d to th# pulp .^ _ n 
th. ab.ene* e^yme, of n mo . t 503|! ,. duet4<ln . Th „ ubg4 . rx/ed 
*«t.r and pul(>lna Jn th . praMneB of hR 

ettribui.d to an unio«, biological activity ot eneyft , w whlch 
i* off.otiv. to d.band th. fib., b 0 „d*n* #nd ,, lslortQe 
Ink, bonded on th. f W . urfae . aa M M wlthln ^ 

fabriia. A partial ^yp.t^ hy d,«,l V .i. of „.lllllo.. within 
Micro *t,uct«r. of fib „ . urf . c<r m . y Bccur durJng ^ 
■Us.. Thi. biologic! activity of .ny™. t.k.» ou t tin* • 
p.tticl.. a.,b«ddo4 within fibar bundlMH, fibril and «„„ 
which have b..n i«po..ibl. to b. ta k . out by COftvmitlonftl 
d«inkino chen lea In. 

According to thi«. biojofficl d.inking m .thod of oid 
newsprint th. Edition of hyAro ^ tQ ^ 

fiber yelloilny i« not r.q tt i r «d, w hi=h will rmmul* in a 
subat.nUal reduction of deinking cha*ic:«l eailfc campHemA 
to th. convention*! deinking proe... u . intf 
hydrogan peroxid., ^H.l.tino -gent - n d * ad i««, siiio*t„. 



It .houJd b. poinfd out th»t the phyain.l length 

pro Pe ,tU, 0 f P# . uUlng pulp flb . r ^.p.^ ^ th . a 

iBVent,d m * th,s,i «■ fa «" d *» *• high*, thin choaB nf thw 
corresponding pulp pr.par od by th. conventional «. tfl0(i , la 
-ddition to the -uch hi«h., r..«ni„ a puip brlohtneaa. th. 
#«*y* 8 addition do..- „ ot to ^ f 

»tr.« 9 th. in.t.. d iMt „ wviil9 th „ fib . r for 
30 that ate mm y.t unknown. 



as 
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Example 1 . 

D.inki„g of old ne.aprint with « cllulolyfcie 

5 A eenpl. of 0 l d newsprint «»et.p« per w „ -dd< . d tQ _ 

pulper which wee filled «*th *□ C w.t.r at the consistency „f 
4* and a cellular »«. di«K,lv.d «t the do Nge of o.xfc 

b«.d on oven dry weight or «.t w . The *«t. piI p« «« s 
oo.lcd f or 10 «i„ u tee end then di.i ra ** gril t.d far 3 minute, 

1Q Aft.r a complet. d*-i«t., P »tl« I a# „„ t . pwper| DnB fmlf of 
the palp slurry •,»■> diluted to » l* eoi,.i»t«ncy . 

Th. diluted pulp slu^r-y we. ,ov*d to -n ai* flotation 

coll «nd then th. disoer«od Ink pedicle, were removed »« t of 
la the pulp slurry by mkimming „ rf . fvoth r;ont « illJnq ink 
pertlclee out of th, c .n „hil. injecting , lr tnrQUgh a 
porou* pl.t.. Th- flotation timm for th. on.pl. t . rwwoVttl of 
thm ink froth was on* minute*. 



30 



The oth«r heir of th. r «lp . lurry wa . w „ h|fd on a 
laboratory wlbr-lion to t he dlep.rsad ink 

p.rtlclee . 

The reeuJting r.eycl.d pulp fiber, obtained by th* 
flotation mnd thm » mmhing , koo mac9 e valuittaa eor 4 
brlabtHM. end m^hani^l atrongtb prop.rties. To roe*.,, 
this .a 4y ». t r ..t.d d. lnkinH BUlp to tt . convention! 
oeinki» 9 pulp, the ™ ot ^.t.^, WM tf ^ t(|d in 

th. pulper with the addition of 1.0* H « q „, 0j33| K Q> 2% 
«Qdiu- eilict. .oiution lmm tmr ol.,.,, o.a* nf siRFAX mt-90 
(fatty acid .o.p) .nd 0.3* tCWAL-6«0 baeed on nMll dry 

weight of we«t.p. P . r . ^ lpina timm wma i(> minutBm fof n 

CO.pl.te di.int.oration. «ter dilute to lH con.ieLon.y, 



35 
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tha disparsad ink particlaa wera removed by the flotation 
m-thod with tha laboratory flotation call aa d-acribed above. 

Aa ehown in Table I, tha brightnea-, Q f thif puJp deink . d 
5 with enzyme was much higher than that of the pulp da inked 
Kith the convmtlnnal chemicals and th„ mechanical str-nyth 
of tha enzyme-deinked pulp waa «lao superior to that pulp 
deinked with tha fatty acid coJ lector and th. diapar—nt 
( TGSPAL 660). The microscopic observation revealed that the 
10 pulp prepared by th. pr.wnt iwintion contained wore U.„ tf 
fiber fraction* and haa antooth.r fiber surface and laok««J 
lass mechanically damaged. 



IS Tabla 1. Comparison of prop«i-tiea of racy c lea 

pulp by mat hod of pf«eent invent ion and 
tha convantional method . 



20 



30 



brightnesa ten- j la indax tear index 
< * > { N«»/9 ) ( mK.m /g) 



K0HP AOMff KOKP AQNP KONIP 



AONP 



pr as wnt 

25 sat hod 



flotation 47.1 4S.a aa.s 33.4 11.7 13.6 



w«ahing ao.3 ia.8 afl.a 33.9 11. a 34.1 



SERFAJf MT-ftO 46.1 at. 4 30.1 38.8 10. B J3.1 



KOHP; Koraan old newspaper 
AON?: American aid newspaper 

Tha enzywe treatad pulp gave cleaner *nd brighter pulp 
with the waahing aa compared to tha flotation ink rnmoval. 



35 



SENT BY: _ 11-21-94 ; 5:22PM ; 0729 745H JONES & ASKEff;#ll/14 



S 

Tha enzyme addition appeared to accelerate the 
wistepaper disintegration to a large extant When the old 
newspaper was disintegrated in the conventional pulper *t tha 
4% consistency r the addition of 0-5* vnzym© reduced the 
gulping tira» from 3 minutes (no enzyme addition) to 30 
seconds for a complete disintegration *k shnwr* in T*hl» 2. 



Table 2. Relation betwaan enzyme addition and 
disintegration tim. 



10 



K nay ma ( % ) Q.A 0-1 



15 



d iaintegrat ion 30> 60- 1 20 300< 

time { sec ) 



Example 2 . 

20 DeinkJng of laser CPO (computer printouts with 

cellulolytic enzyme. 



it is almost iinpoeaible Achietta a complete removal nf 
ltKAF beam cured Ink particles from laser CPO wee tape per with 
2 5 the conventional H*fnkiftg rrhaeitaala, hucauaft th* ink 
pat*ticlea are so strongly adhered to tha fiber surface that 
alkali and rj a no rial dainking surfactant* in tha com/«ntinn«l 
delinking chemicals are not able to dislodge and disperse In 
the pulp water slurry. 

30 

A. aaaple of laear CPO wa»t«tpnpar was added to watar in 
a laboratory high ronwi«t*ncy pulper *t th« rr<in«H I latency of 
12.5% and a cellulase was added to the water at the dosage 
la (/el of 0*2* baaed on the dry weight of papnr. At stock 
35 water temperature of 20-35 c. the pulping was carried out for 
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20 minutes, The completely diaintegrated pulp slurry was 

dilated to 0*5% and than dispersed ink particles were removed 

out of the pulp slurry using the laboratory flotation evil 

explained in Example 1. In this emmm, to increase the ink 

removal efficiency and selectivity a small amount of the 

conventional fatty acid collector, SERFAX af 0.3* 

batted on dry weight nf w*et*paper wee added prior to the air 

f lot at ion and the flotation time 3 aiinutea. To cowpar* 

to flnzymo da inked pulp, the conventional da inked pulp 

prepared by the same wa*y but th« d\ffmrmn¥ nhemical 

conditions as follow: 

ltt NaOU on dry weight of waetepaper 
0,1* XQIPXL 860 diepsrsent 

pulping temperature : 50 C 
pulping time * 30 «*nwt«R 

calcium wall addition to the flotation call: 3oa ppm 
flotation time : 3 minutes 

The bright nee* and the strength proper tlmn of th» 
resulting pulp samples were compared In Table 3, 

hA ahown in the table # the image analyeie of the paper 
samples indicatee that the number of the residual ink 
particle?* wa* imch lev*, wbaut lO kitr.wm, for t.ha pulp doinked 
with the enzyme and the tensile etrength wee aleo highwr as 
compared to the pulp prepared with the <rc*nvptntlenal 
chemicals* 

A recycled chemical pulp of high quality in tarns of 
dirt count and fiber strength properties can be obtained with 
the use of enzyme In a combination of a small amount of fatty 
acid collector by the flotation method. 

Tahlm 3. Comparison of pulp properties recycled 
by the method of present invention and 
conventional method. 
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brightness dirt amount tenftile indent 
[ % ) (count/area) (N.m/g) 



5 enzy*e:MT-*o-(0,3*) 


79.0 


460 


34.3 


(90*) 


80.6 


4,330 


26.3 


10 Example 3- 








De inking of waste 


newsprint 


by pectino lytic 


enzyme , 



A3 t^h* eame fn*tfchod to ■K«»pl« 1 , waete newsprint 

containing 0-1* of pecteee eoaked for 10 minutes at >\0C 

and disintegrated for 5 nlnutee. Diluting th« 4iclntegr*ted 
pulp to 1*» the ink p*\rtic]t*« »re removed by flotation for 1 
einute . 



An shown In Teble a, the bright ne»» and ton* lie 
2Q strength at paper sheet prepeft-ed by the method of the present 
invention ere improved. 

Table 4. Comparison the method of using 
peot inalytic eneyMe with ranventional 
method, 

3fi 



30 







brightneee 


tvnsile ind*x 






( .*> ■ 


( N.B/0 ) 


preeent 


eethod 


44.9* 


33 . 3* 


MT-90 




38-4* 


32. fl* 



33 
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TUB EMBODIMENTS Of THE leVEWTKM ZM WTXOH All EEC LUST VR PROPBATr 
OR PRIVILEGE IS CLAIMED ARE DEFXBTED A3 JOLUWSt 

1. A mnthod of deinklng print ad utast«pap«r r comprising the 
steps of: 

a* d ieintecrat ing printed toaatepapar in hot wetter 
containing an enzyme thereby forming m pulp slurry; and 
b. removing ink perticla** froa the pulp slurry. 

2. Th« nnthotl. J9« d«fin»d in Claim 1, ths o«nc«ntr«t ion of the 
enzyme hming between . Q05 mad ft . 0* ba*«d upon thn dry wwight of 
the printed weetepaper. 

2. The method aa defined in Claim 2, th* enzyma bwing c«l lul»s© t 

A. The method em defined In Claim 2, the «n*ym« bain? pacta**. 

ft. The tnethod mm defined in Claim 2, *h« ink particl«« feaHng 
removed from the pulp slurry by weening. 



6, The method as defined in Claim 3, the ink particle being 
removed from the pulp slurry by froth flotation, 



